Aims: To assess health-related quality of life (HRQoL) in people with type 2 diabetes (T2D) participating in the LEADER cardiovascular outcomes trial using the five-dimension European Quality of Life questionnaire (EQ-5D).
| INTRODUCTION
Health-related quality of life (HRQoL) is an important component in the evaluation of disease burden, such as that in diabetes, and can be measured as a patient-reported outcome. According to the American Diabetes Association guidelines, improved quality of life is a key goal of diabetes management and should be monitored as part of routine care. 1 The full extent of a treatment's overall efficacy may be better gauged by considering patient-reported outcomes such as HRQoL. 2 Data relating to HRQoL are increasingly being collected during clinical trials in patients with type 2 diabetes (T2D). [2] [3] [4] However, of the recent large outcome trials in diabetes, only SAVOR-TIMI 53 has so far published HRQoL results, 5 and reported no significant difference between saxagliptin and placebo in mean levels of HRQoL using the five-dimension European Quality of Life questionnaire (EQ-5D), which was administered to all patients at baseline, 12 and 24 months and at study completion, and at semi-annual visits to patients who had experienced a non-fatal myocardial infarction (MI) or ischaemic stroke since their previous visit. 6, 7 To gain some insight into the HRQoL of the LEADER trial participants, assessments of the three-level version of the EQ-5D (EQ-5D-3 L) were collected from a subset of patients from 10 countries annually. The EQ-5D utility index score and visual analogue scale (VAS) scores are reported here as a pre-specified secondary analysis, with post hoc analyses of further HRQoL outcomes.
| MATERIALS AND METHODS

| Study design and oversight
The trial protocol of LEADER has been described elsewhere. 8 LEADER was a double-blind, placebo-controlled trial with a follow-up of 3.5 to 5 years. Patients with T2D and high risk of CV disease were randomly assigned (1:1 ratio) to subcutaneous liraglutide (n = 4668) or matching subcutaneous placebo (n = 4672), both in addition to standard of care. The trial was approved by institutional review boards, and all patients provided written informed consent. The disposition of trial participants has been published. 6 Assessing patient-reported outcomes measured by EQ-5D-3 L (hereafter referred to as EQ-5D) was a pre-specified secondary outcome of the LEADER trial, and EQ-5D scores were assessed in all patients from Canada, Denmark, Germany, Ireland, Italy, Netherlands, Spain, Sweden, the United Kingdom and the United States because validated EQ-5D questionnaires were available in the languages of these countries. The 3014 patients participating in the EQ-5D assessments represent 32.3% of the total LEADER population. These patients completed a paper version of the EQ-5D
questionnaire while attending clinic visits at randomization and every 12 months until trial end. These data were transcribed into the electronic case report form by the site staff.
| EQ-5D-3L
The EQ-5D is a preferred instrument for measuring health utilities by clinical guidance bodies, is based on patient preferences and produces utility scores that can be used for cost-effectiveness studies across diseases. 9 It is one of the most widely used generic preference-based measures of HRQoL 10 and consists of two parts: a descriptive system and a VAS.
The descriptive system covers five dimensions of self-reported health: mobility; self-care; usual activities; pain/discomfort; and anxiety/depression. Each dimension of the EQ-5D-3L has three response category levels (no problems, some problems and extreme problems), allowing a total of 243 possible health states. Each of these health states has an accompanying utility index score or preference-based weight, sets of which are available for different countries. In the present study, the UK value set was used, derived from a valuation exercise conducted in a large population sample. 11 The resulting valuations or utilities range from −0.543 to 1, where negative values are considered worse than death, a value of 0 represents death, and a value of 1 indicates perfect health.
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The EQ-5D also has a VAS, which consists of a 100-point scale on which patients indicate their health score; the best state carries a score of 100 and the worst state a score of 0.
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It is also possible to analyse EQ-5D responses in terms of answers to each question; for example, proportions selecting each level of each question, or movements when the EQ-5D is used sequentially. In this case, nine shifts are possible, listed in order of severity, defined as:
extreme problems to no problems; some problems to no problems; no problems and no change; extreme problems to some problems; some problems and no change; no problems to some problems; extreme problems and no change; some problems to extreme problems; and no problems to extreme problems.
| Statistical analyses
Changes from baseline to 36 months in quality-of-life (EQ-5D) utility index score and VAS were analysed using a linear mixed model for repeated measurements. In case of death, both the utility index score and VAS value were set to 0 at the first planned visit after death. Prespecified comparisons to estimate the treatment differences (liraglutide vs. placebo) were performed at 36 months; with a trial duration of 3.5-5 years, this was the final visit at which EQ-5D assessments were available for the majority of the patients included. To assess the influence of imputing values for death (0 for both utility index score and VAS), the analyses were also repeated with the imputed values for death removed.
The distribution of all possible ranked categorical shifts in individual domain states between baseline and 36 months was compared between treatments using a Kruskal-Wallis test. The categorical shifts are presented as "worsening", "no change" and "improvement". Categorical shifts in overall utility index score between baseline and 36 months were also assessed. A score of 1 equated to perfect health and a score of <1 equated to problems.
Changes in EQ-5D utility index scores associated with complications during follow-up, that is, stroke, malignant neoplasm, severe hypoglycaemia (requiring assistance from another person to treat), confirmed hypoglycaemia (severe hypoglycaemia and/or plasma glucose <3.1 mmol/L [56 mg/dL]), MI, heart failure (HF), foot ulcer, retinopathy and nephropathy, were explored using a linear mixed model.
Insulin initiation, weight reduction of 5% and a glycated haemoglobin (HbA1c) <58 mmol/mol were also included. These factors are timevarying and were assigned a status of "no" at all time points for EQ-5D measurements before the given event, and a status of "yes" at time points after a given event. Other factors included treatment, sex, region, CV risk at baseline and interaction between visit and age group.
Because of the exploratory nature of these analyses, no adjustments for multiple statistical comparisons were made to the P values, as defined in the prespecified statistical analysis plan for the trial.
3 | RESULTS
| Baseline characteristics and primary outcome of included patients
In LEADER, 9340 patients were randomized (4668 to liraglutide and 4672 to placebo), with a median follow-up of 3.8 years. At baseline, 3014 patients were included in this sub-study, and 2460 patients completed the EQ-5D at 36 months. Baseline characteristics of the 3014 patients included with EQ-5D measurements were well balanced between the randomized treatment groups (Table 1) 
| Categorical shifts in EQ-5D at 36 months
The benefits of liraglutide treatment compared with placebo, seen in utility score, were driven primarily by shifts in the domains of mobility (P = 0.036) and self-care (P = 0.041). A greater proportion of patients reported an improvement in mobility in the liraglutide (9.4%) compared with the placebo group (6.6%). Fewer liraglutide-treated patients reported worsening in self-care in the trial (4.6%), vs. placebo-treated (7.4%). To a lesser degree, pain and discomfort also contributed to the shifts in utility score, whereas there were no treatment differences in the other domains (usual activities and anxiety/depression; Table 2 ). Analyses of categorical changes according to separation of patients into binary categories of perfect health (utility index score = 1; no problems) and any problems (utility index score < 1; problems) did not show any significant treatment differences (Table 3 ), indicating that the differences were mainly a consequence of quantitative changes in the patients with some level of "problems"
at both baseline and 36 months.
| Change in utility index score and VAS for key factors and events
The most influential events contributing to differences in HRQoL were stroke, HF, malignant neoplasm and confirmed hypoglycaemia ( Figure 2 ).
Reductions in HRQoL were seen in patients with either stroke (P = 0.001) or HF (P < 0.0001), with a greater impact of stroke than HF on HRQoL, as evidenced by the larger impact on the VAS score (P < 0.0001) than HF (P = 0.264; Figure 2 ).
Malignant neoplasm also had a small impact on HRQoL, seen in both the total index score (P = 0.0029) and VAS (P = 0.0003; Achieving HbA1c <58 mmol/mol had a small positive impact on HRQoL, and initiation of insulin had a small negative impact; the Besides changes in EQ-5D driven by the described events, the decreases in EQ-5D utility index score were driven by time in the trial, with a mean reduction during the 36 months of −0.03, and older age (for example, at 36 months patients aged ≥75 years had a reduction of −0.043 compared with −0.013 in patients aged <65 years; data not shown).
After taking all the key factors and events into account (treatment, sex, region, CV risk at baseline, stroke, cancer, severe hypoglycaemia, confirmed hypoglycaemia, MI, HF, foot ulcer, retinopathy, nephropathy, weight change of 5%, HbA1c < 58 mmol/mol, insulin initiation and interaction between visit and age group at baseline), a small treatment difference still appears to exist in the EQ-5D index score (ETD 0.010, 95% CI 0.001-0.019; P = 0.0329), but not the VAS (ETD 0.587, 95% CI −0.234-1.407; P = 0.1613), although it is possible that this difference would disappear if every effect on treatment difference could be considered.
| DISCUSSION
LEADER is the first trial that we are aware of in patients with T2D at high risk of CV disease to report a modest but significant benefit in patient-reported health status using the EQ-5D with an antihyperglycaemic agent (liraglutide) compared with placebo (both in addition to standard of care). The data suggest that patients treated with liraglutide experienced less deterioration of their HRQoL, gauged by both utility index score and VAS score, over the trial duration. Because the difference in favour of liraglutide was observed both with imputation of values for death and without, the difference in HRQoL was not solely explained by fewer deaths among liraglutide-treated patients.
Specifically, patients treated with liraglutide experienced a deceleration in quality-of-life deterioration via the EQ-5D domains of self-care and mobility, indicating that those taking liraglutide were better able to retain abilities relating to washing, dressing and walking, compared with those treated with placebo. Regarding categorical shifts (from no problems at baseline to problems at 36 months, or problems at baseline to no problems at 36 months), there was no significant difference between treatment groups, as the majority of patients did not change non-ST-segment elevation events. 17 We also found that hypoglycaemia and initiation of insulin were associated with reductions in HRQoL, and may therefore play a role in the quality-of-life deterioration observed over the course of the trial as hypoglycaemia and new insulin prescription occurred more frequently in placebo-treated patients. 6 The point estimate for effects of severe hypoglycaemia also indicated an association with reduction in HRQoL, although this was not statistically significant, possibly because of the low numbers of patients with severe hypoglycaemic events. Abbreviations: EQ-5D, five-dimension European Quality of Life questionnaire; N, number of patients contributing to the analysis. Full analysis set. *P value from Kruskal-Wallis test of treatment difference in all possible nine shifts ranked as: extreme problems to no problems; some problems to no problems; no problems and no change; extreme problems to some problems; some problems and no change; no problems to some problems; extreme problems and no change; some problems to extreme problems; no problems to extreme problems, by domain. No adjustment for multiplicity has been made to P values. Abbreviations: EQ-5D, five-dimension European Quality of Life questionnaire; SD, standard deviation. Full analysis set. No adjustment for multiplicity has been made to the P value. A utility index score of 1 is classified as "no problems", whereas scores <1 are classified as "problems". *P value from Kruskal-Wallis test of treatment difference in four-point shift, ranked in order of severity (worsening; problems to still problems; no problems to still no problems; improvement).
a Mean (SD) change in EQ-5D utility index score within the category.
The greatest reductions in HRQoL in the UKPDS were observed in patients who experienced amputation, with an EQ-5D value of −0.280. 16 In the present study, wounds and amputations were categorized as "foot ulcers" with no detailed differentiation, and relatively few patients experienced these (n = 113/3014). This may explain why there is only a relatively small decrease in the EQ-5D utility index score of −0.023 (P = 0.060) after patients have a foot ulcer (including wounds and amputations) in LEADER, and a similarly small decrease was observed in the VAS (−1.881, P = 0.058; Figure 2 ).
The decreases in EQ-5D utility index scores of −0.058 with liraglutide and − 0.082 with placebo at 36 months in LEADER are consistent with other datasets; for comparison, the ADVANCE trial in patients with T2D showed a reduction in EQ-5D utility score of −0.030 independent of complications over 5 years. 15 It should be noted that there were differences between patient populations in the ADVANCE and LEADER trials, 6, 15 and so quantitative comparisons between the reductions in HRQoL are difficult to assess. However, it is clear that, as T2D is a progressive disease, some reduction in HRQoL can be expected over long time periods as a result of the complications associated with aging and diabetes. 18 Currently, no other trials that we are aware of in patients with T2D at high risk of CV disease have reported significantly less deterioration in HRQoL with a pharmacological intervention compared with placebo; therefore, the demonstration of the ability of liraglutide to slow this decline is noteworthy. The SAVOR-TIMI-53 trial of saxagliptin, the only other CV outcomes trial (CVOT) in diabetes to report HRQoL outcomes, reported no CV benefit compared with placebo, and no significant differences in HRQoL between treatment groups.
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The EMPA-REG, CANVAS, EXSCEL and SUSTAIN-6 studies, which are the other published CVOTs of diabetes therapies to report a CV FIGURE 2 A, Change in five-dimension European Quality of Life questionnaire (EQ-5D) utility index score for key factors and events. B, Change in EQ-5D visual analogue scale (VAS) score for key factors and events. Change from baseline analysed using a linear mixed model accounting for repeated measures within patients using a compound symmetry residual covariance matrix. Factors: treatment, sex, region, cardiovascular (CV) risk at baseline, stroke, cancer, severe hypoglycaemia, confirmed hypoglycaemia, myocardial infarction (MI), heart failure, foot ulcer, retinopathy, nephropathy, weight change of 5%, glycated haemoglobin (HbA1c) <58 mmol/mol, insulin initiation and interaction between visit and age group at baseline. Baseline value of analysed parameter is included as covariate. The factors of the events are given a value of "no" at time points before the given event, and a value of "yes" at time points after a given event. Patients from the following countries are included: Canada, Denmark, Ireland, Italy, Netherlands, Germany, Spain, Sweden, United Kingdom and United States benefit with active treatment vs. placebo, have not yet reported results from HRQoL measures such as the EQ-5D. [19] [20] [21] A recent review article highlighted that EQ-5D utility index score showed no significant change from baseline in trials with numerous antihyperglycaemic therapies, including exenatide (twice daily and once weekly), dulaglutide, liraglutide, dapagliflozin and insulin glargine. 22 The only other study of liraglutide in which EQ-5D data were collected looked at patient preferences for liraglutide compared with exenatide (twice daily). In this study, while patients indicated a preference for liraglutide based on superior efficacy and lower degree of nausea and hypoglycaemia, there was no assessment for treatment effect. 23 Results from the current analysis show that liraglutide is associated with a slower decline in HRQoL, presently a novel finding.
The strengths of this secondary analysis include the doubleblinded nature of the LEADER trial, inclusion of a large subset of the total cohort and comprehensive collection of EQ-5D data at multiple time points. The results show a high degree of consistency between EQ-5D utility index scores and VAS assessments.
There are, however, some factors that may limit the interpretation of this analysis. First, EQ-5D measurements were taken 12 months apart, so transient HRQoL changes (with a duration of <1 year) that
were influenced by an event may not be captured. This analysis was not designed to investigate changes in EQ-5D following an event, and to do so would require patients answering the EQ-5D questionnaire before and after an event, instead of at specified time points. The analysis only included Western countries, as the EQ-5D is only available in the language of those countries; this may have caused a patient selection bias. It is not clear whether this bias may have had an impact on the results; however, patients in the countries in this sub-study experienced a similar reduced risk of CV outcomes compared with those in the overall trial, probably diminishing a selection bias.
Although the EQ-5D can be sensitive to the onset of diabetes complications, such as stroke, ischaemic heart disease and neuropathy, 24, 25 the scale has been criticised for being insensitive to small changes in health status in T2D. 26 The EQ-5D is considered by some to be less responsive or sensitive than disease-specific outcome measures. However, since there is no "gold standard" for patientreported outcomes, questions remain as to which measure is definitively the most appropriate for this population, 22 and psychometric evidence alongside these patient-reported outcomes may be required to validate and interpret the impact of the measures. Finally, the LEADER trial did not pre-specify any expected benefit in EQ-5D score compared with placebo as part of a hypothesis, and the findings might be considered relevant only to those with T2D and high CV risk.
In conclusion, the results of this exploratory analysis show that the established positive safety and efficacy results observed in the LEADER trial may have a positive impact on quality of life (reported here over a period of 36 months), and this requires further confirmatory research.
